Abstract. Precerebellin (Cbln)-related peptides are known to modulate the secretory activity and growth of the adrenal gland. However, precise expression of the Cbln-related genes and Cbln1 peptide in the adrenal remains unclear. Therefore, we investigated, using RT-PCR, QPCR, Western blotting, immunohistochemistry and hormonal assays, their expression in the adrenals of adult rats and in the course of postnatal ontogenesis. Of the 4 known Cblns, Cbln(1-3) mRNAs were found in the adrenal gland of the adult male rats. Expression patterns of Cbln1 and 3 were similar to each other and different from that of Cbln2. Highest expression of the Cbln1 and 3 genes was observed in the zona glomerulosa (ZG), lower expression was noted in the fasciculata/reticularis and lowest expression was observed in the adrenal medulla. Expression of these genes was also present in freshly isolated rat adrenocortical cells. On the contrary, by means of classic RT-PCR, we demonstrated the presence of mRNAs of CBLN(1-4) in the human adrenal gland. In the rat, highest expression of the Cbln1 and 3 genes was found at postnatal day 2 and was somewhat lower at day 90. On the contrary, expression of the Cbln2 gene was low in adrenals of 2-day-old rats and notably higher at the remaining time points studied (up to day 360). Cerebellin (CER)-like immunoreactivity was observed in the membranes of the adrenal ZG cells, while in the medulla, immunoreactive substances were localized primarily in the cytoplasm of chromaffin cells. Cbln1-like immunoreactivity was present mainly in the cortex of the gland, and reaction products were noted both in the membranes and cytoplasm of adrenocortical cells. Semiquantitative evaluation of Cbln1 protein expression in compartments of the adrenal gland of the adult rat revealed a higher concentration of Cbln1 protein in the cortex than in the medulla of studied rats. We also found that both CER and desCER stimulated basal aldosterone secretion by freshly isolated ZG cells. Thus, the present study provided precise data on expression of the Cbln-related genes and Cbln1 peptide in the adrenal gland of the rat and on their developmental regulation. We also found that, contrary to the human adrenal, in the rat adrenal gland, the Cbln4 gene was not expressed at the mRNA level.
Introduction
The two polypeptides isolated in 1984 from the rat cerebellum, a hexadecapeptide cerebellin (CER) and its N-terminal truncated version, des-Ser1-cerebellin (desCER), are derived from a larger precursor called precerebellin1 (Cbln1) (1, 2) . Progress in molecular biology methods has allowed identification of the entire subfamily of precerebellins (Cblns), which comprises four propeptides named Cbln1-4 (2-6). Cbln-related genes are located at different chromosomes, and Cblnencoded proteins are highly conserved (4, 7, 8) . All of them are highly expressed in the central nervous system, particularly in the cerebellum.
Precerebellins belong to the C1q/TNF superfamily of secreted proteins and, like other members of the family, they may form homomeric and also heteromeric complexes with each other in vitro (6) (7) (8) (9) (10) (11) (12) . At present, Cbln are recognized as a new class of transneuronal regulators of synapse development and synaptic plasticity in various brain regions (6, 8) . With great probability this action depends on direct paracrine effects of Cbln complexes on adjacent synapses or nervous cells. However, it cannot be excluded that some Cbln-related transneuronal effects may be mediated by CER and/or desCER.
Cbln and CER are also present in extracerebral tissues, with relatively high concentrations in the adrenal gland (reviewed in ref. 13 ). However, Cbln1 mRNA was not detected in normal human adrenal glands using Northern blot analysis or by reverse transcription followed by polymerase chain reaction (2, 8, 14, 15) . In this regard, recently, we demonstrated expression of Cbln1-3 in classic endocrine glands of the rat (16) . Since both CER and desCER are known to affect adrenocortical function, the present study aimed to characterize expression of precerebellin-related genes and precerebellin 1 peptide in the adrenal gland of the rat. We focused on their expression pattern, localization within the gland, their developmental regulation and effects of CER and desCER on corticosteroidogenesis.
Materials and methods

Animals and reagents.
Studies were performed on rats of the Wistar strain from the Animal Center of the Poznan University of Medical Sciences. Animals were maintained under standardized conditions of light (14:10 h light-dark cycle, illumination onset 06:00) at 23±2˚C with free access to standard pellets and tap water. Rats were sacrificed by decapitation. The Local Ethics Committee for Animal Studies approved the study protocol. Cerebellin and des-cerebellin were purchased from Bachem Feinchemikalien AG (Bubbendorf, Switzerland) and ACTH (Synacthen) from Ciba (Basel, Switzerland). If not otherwise stated, all other chemicals and reagents were provided by Sigma-Aldrich (St. Louis, MO, USA) or POCh (Gliwice, Poland).
Isolated adrenocortical cells.
Adrenal glands from intact male rats were decapsulated to separate the zona glomerulosa (ZG) from the zonae fasciculata and reticularis (ZF/R). Dispersed cells were obtained by collagenase I digestion and mechanical disaggregation (17) (18) (19) (20) (21) (22) (23) . Dispersed cells obtained from 6-8 rats were pooled to obtain a single-cell suspension, and 6 cell suspensions were employed for each incubation experiment. Cells were counted with the CASY-Cell Counter and Analyser Systems, Model TT (Schaerfe System GmbH, Reutlingen, Germany). Aliquots of each cell suspension (10 4 cells/ml in Krebs-Ringer bicarbonate buffer with 0.3% glucose and 0.2% bovine serum albumin) were incubated with various CER and desCER concentrations in the presence or absence of ACTH (1x10 -7 mol/l) (Cortrosyn ® ; Organon, West Orange, NJ). The incubation was carried out in a shaking bath at 37˚C for 60 min in an atmosphere of 95% O 2 and 5% CO 2 . At the end of the experiment, the incubation tubes were centrifuged at 4˚C, and the supernatant was stored at -36˚C.
Conventional RT-PCR and QPCR. The methods applied were described previously (6, (24) (25) (26) (27) (28) . Briefly, from fragments of adrenals or from isolated adrenocortical cells, total RNA was extracted by a method using Tri Reagent (Sigma) and purified on columns (RNeasy Mini Kit, Qiagen). Contaminating DNA was eliminated by DNase-I treatment (RNase-Free DNase Set; Promega, Madison, WI). RT was performed using AMV reverse transcriptase (Promega) with oligo dT (PE Biosystems, Warrington, UK) as primers. The reaction was performed at 42˚C for 60 min (Uno II Thermocycler, Biometra). Quality of the obtained product was evaluated by electrophoresis in 1% agarose gel with ethidium bromide. Primers for studies of precerebellin gene expression (Table I ) and reference genes (Table II) were purchased from the Laboratory of DNA Sequencing and Oligonucleotide Synthesis, Institute of Biochemistry and Biophysics, Polish Academy of Sciences, Warsaw. For all tested genes, 34 cycles of the following sequences were applied: denaturation at 94˚C for 30 sec, annealing at 58˚C for 60 sec and extension at 68˚C for 60 sec. In control reactions, water (instead of cDNA) and omission of reverse transcriptase (-RT) were used. Reaction products were separated on ethidium bromide-containing 2% agarose gel and photographed in a transilluminator. QPCR was performed in a Lightcycler 2.0 Instrument (Roche) with software version 4.0. Two methods were applied: the SYBR green and TaqMan-based detections (the probe sequences are shown in Tables I and II ). In the SYBR green method the obtained products were characterized by their melting point (precision 0.1˚C/sec). Data were normalized in relation to expression of the reference genes. 
Oligonucleotide sequences for sense (S) and antisense (A) primers as well as the sequence of the probes is shown.
-
cDNA from the normal human adrenal cortex was obtained from the late Professor Gastone G. Nussdorfer, Department of Anatomy and Physiology, Padua University, Padua, Italy. Oligonucleotide sequences for sense and antisense primers of CBLN1-4 are shown in Table III .
Western blotting. Western blot analysis was used to identify the Cbln1 protein as previously described (16) . The applied primary antibody was anti-Cbln1 (ProSci Inc., San Diego, CA, USA) and secondary horseradish peroxidase-conjugated anti-rabbit IgG (Sigma, St. Louis, MO, USA). The target protein was detected by ECL Advance Western Blotting Detection Kit (Amersham). The chemiluminescence signal was transferred on CL-XPosure Film (Pierce Biotechnology), and the developed film was scanned densitometrically. For data normalization, GAPDH protein was detected on the same membranes after stripping procedure.
Immunohistochemistry (IHC)
. Adrenals were fixed in Bouin's solution for 24 h, embedded in paraffin and sectioned at 5-6 μm. The sections were deparaffinized, and immunohistochemical reactions were performed as detailed previously (16) . The following antibodies were used: rabbit anti-CER serum (no. 6171-8-23, a generous gift of Professor Kazuhiro Takahashi, Department of Molecular Biology and Applied Physiology, Tohoku University School of Medicine, Japan) or Cbln1 antiserum (TCS Cellworks, ZIB). Negative controls were carried out by similarly treating adjacent Table III . Conventional RT-PCR analyses of precerebellin expression in the human adrenal gland. 
Oligonucleotide sequences for sense (S) and antisense (A) primers are shown.
- Table II . QPCR analyses of reference gene expression in the studied organs of the rat. 
Oligonucleotide sequences for sense (S) and antisense (A) primers are shown. GAPDH, glyceraldehyde 3-phosphate dehydrogenase; PBGD, porphobilinogen deaminase; HPRT, hypoxanthine-guanine phosphoribosyltransferase.
sections and omitting the primary antibody, as well as using the primary antibody preabsorbed with antigen excess. Some of the sections were counterstained with hematoxylin. (25, (29) (30) (31) (32) . Aldosterone RIA sensitivity was 5 pg/ml, cross reactivity: aldosterone, 100%; 17-iso-aldosterone and other steroids, <0.1%. Intraassay and inter-assay variations amounted to 5 and 7%, respectively. Corticosterone RIA sensitivity was 50 pg/ml, cross-reactivity: corticosterone and cortisol, 100%; 11-deoxycorticosterone and progesterone, 2%, other steroids, <0.001%. Intra-assay and inter-assay variations amounted to 7 and 9%, respectively.
Statistics. Data are expressed as the means ± SEM, and statistical comparison was carried out using the unpaired Student's t-test.
Results
By means of the QPCR method, we investigated expression of the Cbln genes in individual components of the rat adrenal gland. As shown in Fig. 1 , of the 4 known Cblns, Cbln(1-3) mRNAs were present in the adrenal gland of the adult male rats. Expression patterns of Cbln1 and 3 were similar to each other while different from that of Cbln2. Highest expression of the Cbln1 and 3 genes was observed in the ZG, lower expression in the ZF/R and the lowest in the adrenal medulla. Likewise, in freshly isolated cells and in cells incubated for 60 min, expression of these genes was higher in ZG than in ZF/R cells. On the contrary, Cbln2 gene expression was the highest in the ZF/R, while lower in the ZG and adrenal medulla. In freshly isolated ZG cells, expression of this gene was markedly low, but increased after incubation in KRBG, while opposite results were obtained in the ZF/R adrenocortical cells.
On the contrary, in 3 human adrenal glands we demonstrated the presence of mRNAs of CBLN (1) (2) (3) (4) by means of classic RT-PCR (Fig. 2) .
We investigated expression of the Cbln1-4 genes in the rat adrenal cortex during the course of postnatal ontogenesis, from days 2 to 360 (days 2, 28, 45, 60, 90 and 360). In the adrenals of the developing rats again we identified only Cbln1-3 mRNAs, while that of Cbln4 was absent (Fig. 3) . QPCR revealed highest expression of the Cbln1 and 3 genes at postnatal day 2 and a somewhat lower expression at day 90 (Fig. 4) . On the contrary, expression of the Cbln2 gene was (Table III) . low in the adrenals of 2-day-old rats and notably higher at the remaining time points studied.
Localization of CER-and Cbln1-like substances in the cerebellum and adrenals of adult male rats was studied by means of immunohistochemistry. In the cerebellum, CER-like immunoreactivity was present in perikaryon of Purkinje cells (Fig. 6 ). On the other hand, immunoreactivities for both CER and Cbln were noted in axons of Purkinje cells. CER-like immunoreactivity was also observed in the membranes of the adrenal ZG cells, while in the medulla these substances were localized primarily in the cytoplasm of chromaffin cells. Cbln1-like immunoreactivity was present mainly in the cortex of the gland, and the reaction products were noted both in the membranes and cytoplasm of adrenocortical cells. Semiquantitative evaluation of Cbln1 protein expression in compartments of the adrenal gland of the adult rats revealed a higher concentration of Cbln1 protein in the cortex than in the medulla (Fig. 5) . In order to examine the association of Cbln1 with the cell membrane, proteins from fragments of the adrenal cortex were extracted either with RIPA or Tris buffer. RIPA buffer enables the extraction of both integral and peripheral membrane proteins while Tris buffer preferentially extracts peripheral proteins. Western blotting, performed as described above, identified Cbln1. Intensity of the Cbln1 band was higher in RIPA than in Tris protein extracts (Fig. 7) .
We investigated the effects of CER and desCER on aldosterone and corticosterone secretion by freshly isolated rat adrenocortical cells. As evidenced by Fig. 8 , at the concentration of 1x10 -6 M, both CER and desCER stimulated basal aldosterone secretion by isolated zona glomerulosa cells. In these cells, CER but not desCER, inhibited ACTHinduced (1x10 -7 M) aldosterone output. Neither CER nor desCER affected both basal and ACTH-evoked corticosterone output by freshly isolated fasciculata/reticularis cells.
Discussion
In agreement with our earlier observations, the present study confirmed expression of the Cbln(1-3) genes and Cbln1 protein in the rat adrenal gland (16, 25) . On the other hand, expression of the Cbln4 gene was not found in the rat adrenal cortex while mRNA of this gene, as well as mRNAs of the remaining precerebellin genes (CBLN1-3), were present in a normal human adrenal cortex. This unexpected finding proposes questions on the role of CBLN4 in the human adrenal cortex. In this regard, in previous studies, by means of Northern blot analysis or by RT-PCR, expression of the CBLN1 gene was not detected in normal human adrenal glands (2, 14, 15) . Concerning CBLN4 gene expression, our data agree with the data presented by NCBI (NM_080617), in which the expression intensity of CBLN4 in the human adrenal gland is listed in second place (after nervous tissue). Furthermore, since CBLN4 gene expression is present in the normal human adrenal cortex but not in the rat, the role of CBLN4-related proteins does not seem to be connected with the regulation of steroidogenesis.
Previous studies on the localization of Cbln mRNA and CER or desCER in the human adrenal gland demonstrated their higher expression in the adrenal medulla than in the cortex (14) . On the contrary, by means of classic RT-PCR, mRNAs for Cbln(1-3) were found to be present primarily in the rat adrenal cortex, but not in the medulla (25) . Highest expression of the Cbln1 and Cbln3 genes was demonstrated in the ZG, lower expression in the ZF/R and the lowest in the adrenal medulla. On the contrary, Cbln2 gene expression was the highest in the ZF/R and lower in the ZG and adrenal medulla. Thus, in the rat adrenal gland, expression patterns of Cbln1 and 3 were similar but different from that of Cbln2. Moreover, a similar pattern of Cbln1 expression was observed at the protein level (Western blotting and immunocytochemistry). In this regard, similar expression of the Cbln1 and 3 genes in adrenals suggests their similar regulation of expression while the similar pattern of Cbln mRNA and Cbln1 protein expression indicates that this regulation is primarily exerted at the transcription level.
We observed high expression of Cbln(1-3) also in isolated rat adrenocortical cells. Expression of the Cbln1 and 3 genes was higher in cells freshly isolated and incubated in KRBG for 60 min, and expression of these genes was higher in ZG than in ZF/R cells. These findings also suggest that in the rat adrenal cortex, both genes are not expressed in endothelial and connective tissue cells. Thus, the obtained data suggest that both genes are expressed in parenchymal cells of the rat adrenal cortex and this suggestion is confirmed by IHC. On the contrary, in freshly isolated ZG and ZF/R cells, Cbln2 gene expression was notably lower than in intact gland and this may suggest that expression of the Cbln2 gene occurs also in interstitial tissue of the rat adrenal cortex.
Regarding intra-adrenal localization of Cbln1 gene expression, IHC confirmed results obtained from experiments on isolated rat adrenocortical cells. CER-and Cbln1-like substances were found in axons of Purkinje cells while CERlike substances were observed in their perikaryons, thus confirming previous reports (1, 4, 14, (33) (34) (35) . In the adrenals, Cbln1-like immunoreactivity was present mainly in the cortex of the gland, and the reaction products were noted both in the membranes and cytoplasm of parenchymal cells. CER-like immunoreactivity was also observed in membranes of the adrenal ZG cells, while in the medulla, immunoreactive substances were localized in the cytoplasm of chromaffin cells. Our results differ notably from previous data obtained on human adrenals, in which CER-like immunoreactivity was present primarily in the medulla of the gland (14) . Membrane localization of Cbln1 is also suggested by the results of our experiments aimed to investigate the association of Cbln1 with the cell membrane, in which we found that intensity of the Cbln1 protein band was higher in RIPA than in Tris protein extracts of adrenocortical cells. We also examined the developmental regulation of expression of precerebellin-related genes in the rat adrenal cortex in the course of postnatal ontogenesis. Highest expression of the Cbln1 and 3 genes was found in the adrenal cortex at days 2 and 90 of postnatal ontogenesis while Cbln2 gene expression at day 2 of life was significantly low and followed by higher and rather constant level of expression. As in the other experiments, in all days studied (days 2, 28, 45, 60, 90 and 360), we were not able to identify Cbln4 gene expression in the rat adrenal cortex. In the available literature, we found only one study reporting on expression of Cbln family mRNAs in the course of development. Studies on the mouse brain revealed that Cbln1, 2 and 4 mRNAs appear between days E10 and E13 and exhibit transient up-regulation during the late embryonic and neonatal periods (15) . Cbln3 mRNA, on the other hand, was found to be present in cerebellar granular cells at postnatal days 7-10. This pattern of expression differs notably from that noted in the rat adrenal cortex and suggests organ-or species-specific control of precerebellin-related gene expression in the course of ontogenesis.
We also tested the ability of CER and desCER to modify corticosteroid secretion from freshly isolated rat adrenocortical cells. Initially, it was suggested that the N-terminal truncated version of CER, des-Ser1-CER, is an apparent metabolite of CER. However, recent data failed to confirm this contention (1, 34, 36, 37) . In regards to the adrenal gland, both CER and desCER exert a modulatory effect on corticosteroid secretion (25, (38) (39) (40) (41) . We also demonstrated a stimulating effect of CER and desCER (at the concentration 1x10 -6 M) on basal aldosterone secretion by freshly isolated rat zona glomerulosa cells. However, not only Cbln-derived polypeptides are biologically active compounds. Recently it was demonstrated that cells are able to secrete entire Cbln molecules which in extracellular space form homomeric and heteromeric complexes involved in paracrine or autocrine regulation of nervous cells, among others in synapse development and synaptic plasticity, especially in the cerebellum (5, 6, 8, 42) . We cannot exclude that a similar mechanism of Cbln actions may operate in the adrenal gland.
Thus, the present study provided precise data on expression of the precerebellin-related genes and precerebellin 1 peptide in the adrenal gland of the rat and on their developmental regulation. Our findings open new research possibilities on the involvement of precerebellin-related genes in the regulation of the biological activity of the adrenal gland. We also found that, contrary to the human adrenal, in the rat adrenal gland, the Cbln4 gene was not expressed at the mRNA level.
